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VII. THE oxDABION OF SOME SULFUR COMPOUNDS RELATED TO 
CYSTINE IN THE ANIMAL ORGANISM.* 


By ROBERT M. HILL witn HOWARD B. LEWIS. 


(From the Laboratory of Physiological Chemistry, University of Illinois, 
Urbana. ) 


(Received for publication, February 11, 1924.) 


In previous studies (1, 2, 3) one of us (L.) has reported experi- 
ments which are concerned with the oxidation of sulfur in the 
cystine molecule. It was demonstrated that if deamination of 
cystine be prevented by ‘“‘blocking’” the amino group (as in 
phenyluraminocystine (1) or dibenzoylcystine (3) ), the sulfur of 
the molecule was not oxidized normally and was excreted in the 
urine in large part in the unoxidized sulfur fraction. However, 
if normal oxidation of the sulfur was prevented in this way, it was 
shown that the cystine was converted to cysteine and a consider- 
able amount of the cystine derivative administered appeared in 
the urine as a derivative of cysteine (2,3). Recently Sherwin and 
his collaborators (4, 5) have reported similar results which in 
general confirm our earlier experiments: They also showed that 
if a derivative of cysteine with the amino group protected from 
deamination was fed to a rabbit, the cysteine was in part converted 
to cystine. Our own results and those of Sherwin are in accord 
with the current theory of the ready reversibility of the reaction 
cysteine = cystine. 

Many other investigations which are related to the oxidation 
of various types of sulfur linkages in organic combination have 
been reported. Inasmuch as this present study is concerned only 
with the oxidation of mercapto or sulfide sulfur of the type similar 
to that naturally occurring in the protein molecule, a complete 


* An abstract of a thesis submitted by R. M. Hill in partial fulfillment of 
the requirements for the degree of Doctor of Philosophy in the Graduate 
School of the University of Illinois. 
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review of the literature on the oxidation of organic sulfur com- 
pounds is not attempted. The discussion of the oxidation of 
cyclic compounds containing sulfur in the ring (e.g., thiophene, 
thioindoxyl) is omitted entirely and will be discussed in another 
place by one of us (L.). 

Investigators who have studied the oxidation of the sulfur of 
the mercapto groups in aliphatic compounds are generally agreed 
that sulfur of this type is oxidized to sulfates and excreted in the 
urine in this form to a considerable degree. The ready oxidation 
of the sulfur of cysteine is well known. Smith (6) fed small 
doses of the sodium salt of ethyl mercapvan to dogs ard noted 
slight rises in the sulfate sulfur of the urine. In one experiment 
in which a total of about 1.6 gm. was fed to a 7.5 kilo dog over a 
period of 4 days, 55 per cent of the sulfur fed appeared as extra 
sulfur in the urine and of this 53.7 per cent was present as sulfate 
sulfur. In a second similar experiment in which 4.99 gm. were 
fed during a 5 day period, 47 per cent of the ingested sulfur 
appeared in the urine, and 37.5 per cent of this extra sulfur was 
present as sulfate sulfur. Ethyl mercaptan itself was somewhat 
more toxic than the sodium salt. Of 1.021 gm. fed in a single 
dose, slightly less than 25 per cent was eliminated in the urine, 
and of this 70 per cent was sulfate sulfur. The interpretation of 
these experiments is complicated by the fact that the mercaptan 
was always somewhat toxic and that an increased nitrogen 
elimination was usually noted. Smith (7) also reports one experi- 
ment in which 2 gm. of the ammonium salt of thioglycollic acid 
were fed daily to a dog for 2 days. A larger dose caused vomiting 
and other toxic symptoms. The sulfate sulfur excretion was 
somewhat increased, indicating a partial oxidation of the sulfur 
of the complex. Smith (8) also fed ethyl thiolcarbamate 
(thiourethane), NH.CO‘S‘C.H;, and ethyl thiocarbamate, 
NH.CS:O°'C.H;, to dogs. The latter was much more toxic 
than the former and little oxidation (?) of its sulfur was noted. 
The sulfur of ethyl thiolearbamate, however, was oxidized to 
sulfates to a considerable extent. It is possible that in this case 
hydrolysis to ethyl mercaptan may have occurred with subsequent 
oxidation of the latter. Freise (9) noted after the enteral ad- 
ministration of thiouramil to dogs that the sulfur of its mercapto 
group was partially (48.1 per cent of the total sulfur recovered in 


R. M. Hill and H. B. Lewis 509 


the urine) oxidized, while after feeding y-thiopseudouric acid, 
although only 36 per cent of the sulfur fed was eliminated as 
urinary sulfur, of this 86 per cent appeared in the sulfate sulfur 
fraction. 

The oxidation of the sulfur of compounds containing the disul- 
fide sulfur linkage, -S-S-, has not been studied except in the case 
of cystine. In his study, Smith (10) has noted that the sulfur of 
ethyl sulfide was eliminated very slowly and that no evidence of 
any oxidation was apparent. Bivalent sulfur, which replaces 
oxygen in carbonyl groups, is apparently not oxidized as illustrated 
in the case of thiourea (11), the thiohydantoins (12), and thio- 
pyrimidines (13). The partially oxidized sulfur of sulfonic acids 
and sulfones is resistant to further oxidation (7, 14). 

Thus there are recorded studies of the behavior of compounds 
containing sulfur in the types of linkage, C-SH (mercaptan), 
C-S-C (sulfide), C-SO.. OH (sulfonic acid), C-SO.-C (sulfone), = 
C = § (thioamide), and C-S-S-C (disulfide). Of these only the 
first, C-SH, and such others as may be hydrolyzed (e.g. thioure- 
thane) or reduced (cystine) to form this type are readily oxidized 
in the organism. This is the more remarkable, in view of the fact 
that some of the other more highly oxidized forms are inter- 
mediary products of the oxidation of the mercaptan group in 
. vitro. The mercaptan group, less readily oxidized in vitro, is 
the most readily oxidized in vivo. 

In the present investigation, we have undertaken, a study of the 
oxidation of some sulfur compounds which have a closer relation- 
ship to cystine or cysteine than most of those previously studied in 
order to obtain a more complete picture of the conditions govern- 
ing oxidation of sulfur in the animal body. | 


EXPERIMENTAL. 


The rabbits used in the experiments were fed daily 150 cc. of 
milk, 10 gm. of sucrose, and 10 gm. of hay, with water ad lzbitum. 
The sucrose was added to increase the calorific value of the diet 
and the hay in order to provide roughage, since we have found 
repeatedly that animals on such a concentrated diet as milk and 
sugar are better nourished if a small amount of hay be added also. 
This may be a question of roughage or of some other factor. This 
standard diet was fed for at least 3 days before the collection of 
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. the urine was begun in order to be certain that the animal was 
accustomed to the diet and to insure as uniform a urinary excre- 
tion as possible. The urine was then collected in 24 hour periods 
by squeezing out the bladder and samples for at least 3 normal 
days were obtained and analyzed. The substance under investiga- 
tion was fed through a stomach tube or injected subcutaneously 
and changes in the distribution of sulfur in the urine were noted. 
An after period completed each experiment. 

Total sulfur was determined by the Denis modification of 
Benedict’s methed, inorganic sulfate sulfur and total sulfate 
sulfur by the methods of Folin, conjugated sulfate sulfur and 
organic sulfur were obtained by difference, as is customary. 
Nitrogen determinations by the usual Kjeldahl method were 
carried out on all samples in order to afford a check on any changes 
in protein metabolism. An increase in protein metabolism or 
tissue breakdown due to the toxic action of the substance ad- 
ministered would increase the sulfur elimination and might make 
it appear that an oxidation of the substance under investigation 
had occurred, when this had not been the case. If an increase in 
the sulfur output were due to increased catabolism of protein, 
this should be accompanied by a corresponding increase in the 
output of total nitrogen. 

The compounds under investigation, thioglycollic, thiolactic, 
and thiodiglycollic acids, were Kahlbaum preparations, the purity 
of which was checked by analysis of the sulfur content. 


DISCUSSION. 


Thiolactic Acid, CH;-CH(SH)-COOH.—tThe results of typical 
experiments! with thiolactic acid are detailed in Tables I and II. 
The animals remained bright, there was no loss of appetite, and 
no toxic effects were noted at any time. In the experiment 
recorded in Table I, approximately 90 per cent of the sulfur fed 
as thiolactic acid was eliminated as “extra’’ sulfur the Ist day, 


1Jn the experiments with thiolactic acid as well as those with the other 
compounds studied, a few typical experiments only are reported. In all 
cases, these results were checked with other animals. In order to condense 
the data these additional experiments are omitted. They are, however, 
recorded in the original thesis on file in the Library of the University of 
Illinois. . 
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and 56 per cent of this appeared as extra inorganic sulfate. In 
the two experiments of Table II, 78 per cent (oral administration) 
and 84 per cent (subcutaneous injection), respectively, of the 
sulfur administered, was eliminated as extra sulfur the Ist day and 
of this 71 and 61 per cent, respectively, were completely oxidized, 


TABLE I. 


Rabbit I. Male. Weight 2.5 kilos. Daily diet: 150 cc. of milk, 10 gm. 
of sucrose, and 10 gm. of hay. 


Conju- 


Inorganic 
Total gated Organic Total 
Day. sulfur as sulfate sulfur. | nitrogen. Remarks. 
¥ sulfur. 
gm gm gm. gm gm 


1 

2 

3 | 0.0229 | 0.0102 | 0.0048 | 0.0079 | 0.603  |{0.658 gm. thiolactic acid 
4 | 0.1986 | 0.1137 | 0.0088 | 0.0761 | 0.582 as sodium salt per 
5 | 0.0397 | 0.0233 | 0.0056 | 0.0108 | 0.613 os. (S=0.1974 gm.) 
6 


TABLE II. 


Rabbit O. Male. Weight 2.0 kilos. Daily diet: 150 cc. of milk, 10 gm. 
of sucrose, and 10 gm. of hay. 


. Conju- 
Day. | Tote | "Sulfate ciate | ‘tifurs | nitrogen, Remarks, 

F ji sulfur. 

gm gm. gm. gm gm 
1 | 0.0434 | 0.0304 | 0.0011 | 0.0119 | 0.838 
2 | 0.0446 | 0.0304 | 0.0026 | 0.0116 | 0.833 
3 | 0.0452 | 0.0321 | 0.0024 | 0.0107 | 0.793  ||0.391 gm. thiolactic acid 
4 | 0.1869 | 0.0960 | 0.0049 | 0.0360 | 0.878 as sodium salt per 
5 | 0.0497 | 0.0334 | 0.0033 | 0.0130 | 0.847 os. (S= 0.1173 gm.) 
6 | 0.0523 | 0.0386 | 0.0044 | 0.0093 | 0.865 (0.405 gm. thiolactic acid 
7 | 0.1547 | 0.0982 | 0.0048 | 0.0517 | 0.915 as sodium salt by sub- 
8 | 0.0328 | 0.0211 | 0.0017 | 0.0100 | 0.585 cutaneous injection. 
9 | 0.0529 | 0.0360 | 0.0036 | 0.0133 | 1.010 (S=0.1215 gm.) 


as evidenced by the rise in sulfate sulfur excretion. The changes 
in the conjugated sulfate sulfur in the feeding experiments are 
very slight, but it should be noted that similar slight increases 
were noted in all the other feeding experiments with thiolactic 
acid not recorded here. The constancy of the nitrogen output 
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indicates that the changes in the inorganic sulfate are due entirely 
to oxidation of the sulfur of the thiolactic acid and not to any 
increased tissue catabolism. 

Thioglycollic Acid, CHz,SH-COOH.—In contrast to thiolactic 
acid, thioglycollic acid was found to be somewhat toxic. In the 
earlier experiments quantities of thioglycollic acid which were 
comparable to those of the thiolactic acid administered in experi- 
ments already discussed were fed. The animals died within a 
few hours after feeding. The urine in the bladders after death 
showed a strong nitroprusside reaction.? In subsequent studies, 
in which smaller doses were given, the rabbits exhibited a decided 
malaise after the administration of the thioglycollic acid. The 
smaller doses sometimes proved fatal. especially when a previous 
dose had been given (cf. Table IV). 

In spite of the toxicity of the thioglycollic acid, its sulfur was 
nearly as completely oxidized and as rapidly eliminated in the 
organism of the rabbit as was the sulfur of the non-toxic thiolactic 
acid (Tables III to V). Thus in Table V, 75 per cent of the sulfur 
of the thioglycollic acid fed was eliminated as ‘‘extra”’ sulfur the 
Ist day and of this 49 per cent was oxidized to sulfates. In the 
experiment recorded in Table III, in which a relatively large dose 
of thioglycollic acid was fed, it would appear that more ‘‘extra”’ 
sulfur was eliminated than could be accounted for by the com- 
pound fed. However, a marked increase in the total nitrogen 
elimination occurred, presumably occasioned by an increased 
tissue catabolism due to toxicity of the thioglycollic acid. 
Normally a fairly constant ratio exists between nitrogen and 
sulfur in the urine of rabbits. As a result of feeding the relatively 
toxic thioglycollic acid, a distinct rise in the output of nitrogen 
occurred. Because of this increased protein catabolism, it is not 
allowable, in computing the “extra” sulfur of the urine of the 
experimental days, to subtract the average total sulfur of the 
preliminary days from the total sulfur of the experimental period, 
since with the rise in nitrogen there is, presumably, a correspond- 
ing rise in the sulfur excretion, sulfur which does not have its 


2 With sodium nitroprusside and ammonia, compounds which contain 
the mercaptan group give an intense ruby-red color. This test can be ap- 
plied to urine since creatinine does not give a positive reaction when am- 
monia is used as the alkali. 
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TABLE III. 
Rabbit P. Male. Weight 2.1 kilos. Daily diet: 150 cc. of milk, 10 gm. 
of sucrose, and 10 gm. of hay. 


Conju- 


Day. | Total | "Sulfate ciate | Sulfur’ | nitogen Remarks, 
; sulfur. 
gm gm gm. gm gm 
1 | 0.0496 | 0.0326 | 0.0035 | 0.0135 | 0.785 
2 | 0.0407 | 0.0243 | 0.0036 | 0.0128 | 0.685 . 
3 | 0.0389 | 0.0229 | 0.0032 | 0.0128 | 0.650 0.372 gm. thioglycollic 
4 | 0.2079 | 0.1129 | 0.0072 | 0.0878 | 1.085 acid as sodium salt 
5 | 0.0407 | 0.0268 | 0.0051 | 0.0088 | 0.995 per os. (S=0.13 gm.) 
6 | 0.0444 | 0.0321 | 0.0035 | 0.0088 | 0.833 ° 


TABLE IV. 
Rabbit R. Male. Weight 2.1 kilos. Daily diet: 150 ec. of milk, 10 gm. 
of sucrose, and 10 gm. of hay. 


. Conju- 
Inorganic F 
Total gated Organic Total h 
Day. sulfur. eae sulfate sulfur. nitrogen. Remarks. 
} : sulfur. 
gm. gm. gm. gm. gm. 


0.0441 | 0.0280 | 0.0046 | 0.0115 | 1.325 
0.0452 | 0.0262 | 0.0066 | 0.0124 | 1.244 
0.0354 | 0.0190 | 0.0090 | 0.0074 | 1.127 


[ 
: 0.296 gm. thioglycollic 
4 | 0.1088 | 0.0545 | 0.0074 | 0.0469 |. 1.200 
5 
6 


acid as sodium salt by 
subcutaneous injec- 


0.0511 | 0.0291 | 0.0069 | 0.0151 | 1.146 [ tion. (S=0.103 gm.) 


* | 0.0305 | 0.0159 | 0.0040 | 0.0106 | 1.125 
*On the 7th day 0.330 gm. of thioglycollic acid as sodium salt given 
per os. The animal died in 4 hours. 


TABLE V. 
Rabbit I. Male. Weight 2.3 kilos. Daily diet: 150 cc. of milk, 10 gm. 
of sucrose, and 10 gm. of hay. 


Conju- 


Total | tnorganic gated Organic Total 
igh sulfur. ee sulfate | sulfur. | nitrogen. Remarks. 
fic sulfur. 
gm gm gm gm gm 


0.205 gm. thioglycollic 
acid as sodium salt 
pervs. (S=0.072 mg.) 
No albuminuria. 
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origin in the sulfur of the compound administered, but which is 
associated with the increased amount of protein catabolized. 
In determining the ‘‘extra sulfur’ in such cases, the value for the 
normal sulfur excretion should be calculated from the N:S ratio 
of the preliminary days and the total nitrogen of the experimental 
day. Thus in the case of Rabbit P (Table III) in which the 
administration of a relatively large amount of thioglycollic acid 
resulted in a marked increase in the excretion of total nitrogen, 
the computation of the “‘extra sulfur” due to the thioglycollic acid, 
would be as follows: On the 3 preliminary days the ratio of nitro- 
gen to sulfur was 16.4. Applying this ratio to the experimental 
day, an elimination of 1.085 gm. of nitrogen would correspond to 
0.066 gm. of sulfur. This would give 0.1419 gm. of “extra sulfur” 
originating from the thio compound fed or a recovery of slightly 
more than 100 per cent. The ‘extra’ sulfate sulfur (inorganic 
and conjugated) calculated similarly becomes 0.074 gm. or an 
oxidation of about 52 per cent of the sulfur recovered in the urine. 
When one considers that this calculation is only an approximation, 
the agreement between the amounts of sulfur fed and recovered 
may be regarded as satisfactory. 


Thiodiglycollic Acid, S (CH2,COOH):.—Tables VI to VIII record | 
the results of feeding and injection experiments with thiodiglycollic: 


acid. This compound produced no toxic symptoms whatever in 
the dose administered. The total nitrogen output did not vary 
significantly. Practically all the sulfur fed as thiodiglycollic 
acid was eliminated as organic sulfur. In five experiments (not 
all recorded in the tables) in which the acid was administered 
per os, 86, 82, 86, 79, and 83 per cent, respectively, of the sulfur 
_ was eliminated as “extra” sulfur in the first 2 days. In three 
experiments in which it was injected subcutaneously, 93, 100, 
and 68 per cent was eliminated as “extra” sulfur. No increase 
in sulfate sulfur excretion could be observed and no evidence of 
oxidation of the sulfur fed. 

The reason for the difference in toxicity between thiolactic and 
thioglycollic acid is not clear. Both are oxidized to approxi- 
mately the same extent despite the toxicity of the thioglycollic 
acid. Lusk (15) has suggested an oxidative desulfurization 
of cystine similar to oxidative deamination in order to explain the 
fact that all 3 carbon atoms of cystine are concerned with the 
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TABLE VI. 
Rabbit I. Male. Weight 2.3 kilos. Daily diet: 150 cc. of milk, 10 gm. 
of sucrose, and 10 gm. of hay. 


Conju- 


Inorganic , : 
Total gated Organic Total 
Day. sulfur. py sulfate sulfur. | nitrogen. Remarks. 
’ sulfur. 
gm gm gm. gm gm 


1 
2 
3 | 0.0227 | 0.0055 | 0.0096 | 0.0076 | 0.548 0.735 gm. thiodiglycol- 
4. | 0.1580 | 0.0102 | 0.0072 | 0.1406 | 0.538 lic acid as sodium salt 
5 | 0.0247 | 0.0081 | 0.0017 | 0.0149 | 0.508 per os. (S=0.157 gm.) 
6 


TABLE VII. 
Rabbit L. Male. Weight 2.3 kilos. Daily diet: 150 ec. of milk, 10 gm. 
of sucrose, and 10 gm. of hay. 


Conju- 


Day. | Tefal | Msulfate® ciate | ulfurs | nitrogen, Remarks, 
x sulfur 

gm gm. gm. gm gm 
1 | 0.0232 | 0.0095 | 0.0044 | 0.0093 | 0.515 
2 | 0.0221 | 0.0081 | 0.0037 | 0:0103 | 0.550 |{0.276 gm. thiodigly- 
3 | 0.0234 | 0.0093 | 0.0031 | 0.0110 | 0.493 collic acid as sodium 
4 | 0.0695 | 0.0093 | 0.0040 | 0.0562 | 0.485 salt per os. (S= 
5 | 0.0240 | 0.0060 | 0.0050 | 0.0130 | 0.480 0.059 gm.) 
6 | 0.0221 | 0.0060 | 0.0055 | 0.0106 | 0.558 |{0.251 gm. thiodigly- 
7 | 0.0235 | 0.0140 | 0.0039 | 0.0056 | 0.550 collic acid as sodium 
8 | 0.0768 | 0.0150 | 0.0045 | 0.0573 | 0.450 salt by subcutaneous 
9 | 0.0299 | 0.0095 | 0.0064 | 0.0140 injection. (S=0.054 
10 | 0.0302 | 0.0182 | 0.0035 | 0.0085 | 0.502 [ gm. ) 


TABLE VIII. 
Rabbit AA. Male. Weight 2.1 kilos. Daily diet: 150 cc. of milk, 10 gm. 
of sucrose, and 10 gm. of hay. 


. Conju- 
Total A ee gated Organic Total 
Day. | sulfur. | Sulfate | sulfate | sulfur. | nitrogen. Remarks. 
4 sulfur. 
gm gm gm. gm gm 


: 0.0286 | 0.0073 | 0.0095 | 0.0118 | 0.515 0.284 gm. thiodigly- 

2 | 0.0276 | 0.0069 | 0.0104 | 0.0103 | 0.573 collic acid as sodium 

3 | 0.0689 | 0.0028 | 0.0073 | 0.0588 | 0.408 salt by subcutaneous 

4 | 0.0203 | 0.0030 0.0066 0.0107 | 0.450 L injection. (S=0.061 
gm.) 
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formation of “extra glucose” in the phlorhizinized animal. If 
such a reaction occurred in the case of the two thio acids under 
discussion, hydrogen sulfide and either lactic or glycollic acid 
would be formed. Of these products hydrogen sulfide is rapidly 
oxidized in amounts far above the lethal dose (16) and lactic and 
glycollic (17) acids are without toxic effects. The failure of the 
sulfur of thiodiglycollic acid* to be oxidized is in harmony with 
the theory that only in compounds containing the mercapto 
group or in compounds which can yield mercapto groups on reduc- 
tion or hydrolysis is organic sulfur readily oxidized. 


SUMMARY. 


1. Thiolactic acid (as the sodium salt) when administered to 
rabbits either subcutaneously or per os was readily oxidized, 
yielding about 50 per cent of the sulfur eliminated in the urine as 
sulfate sulfur. In the quantities fed, it was entirely non-toxic. 

2. The sulfur of thioglycollic acid similarly administered was 
oxidized only a little less readily than thiolactic acid. It was, 
however, toxic. 

3. No oxidation of the sulfur of thiodiglycollic acid was observed 
after either oral or subcutaneous administration. No toxic action 
was noted. 

4. It seems probable that of the different types of organic 
sulfur compounds, only those containing the mercapto group or 
those which can readily be transformed in the organism into 
compounds containing this group, are oxidized with ease in the 
animal organism. 
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THE METABOLISM OF SULFUR. 


wot. THE BEHAVIOR OF THIOPHENOL AND THIOCRESOL IN THE 
ANIMAL ORGANISM. * 


By ROBERT M. HILL wits HOWARD B. LEWIS. 


(From the Laboratory of Phystological Chemistry, University of Illinots, 
Urbana.) 


(Received for publication, February 11, 1924.) 


In the preceding paper (1) it has been shown that the sulfur 
of aliphatic mercapto groups, as in thiolactic and thioglycollic 
acids, is readily oxidized in the organism of the rabbit, while 
thiodiglycollic acid, in which sulfur is present as a sulfide, was not 
oxidized. It was considered probable that in sulfur compounds 
related to cystine, only the sulfur present as mercapto sulfur 
or sulfur which could readily be converted to mercapto sulfur 
in the organism was oxidized to sulfates to any marked degree. 

In the present study, we have concerned ourselves with the 
behavior of mercapto groups attached to the benzene ring as in 
thiophenol, CsH;-SH, and p-thiocresol, CH3-CsHs-SH. Despite 
the fact that these compounds are rather more toxic than are the 
aliphatic mercapto derivatives previously discussed and are not 
absorbed readily, we have obtained evidence which demonstrates 
that in the organism of the rabbit at least, no appreciable oxidation 
of the sulfur of mercapto groups attached directly to the benzene ring 
occurred. 


EXPERIMENTAL. » 


The experimental animals, rabbits, and the conduct of the 
experiments were the same as in our experiments with aliphatic 
mercapto. derivatives (1). The thiophenol and thiocresol were 
prepared for this work by the organic division of this university. 


* An abstract of a thesis submitted by R. M. Hill in partial fulfillment 
of the requirements for the degree of Doctor of Philosophy in the Graduate 
School of the University of Illinois. 
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The thiophenol was redistilled and analysis of its sulfur content 
proved satisfactory. The purity of the p-thiocresol was established 
by its melting point and sulfur determination. Neither of these 
substances is readily soluble in water. In the earlier experiments, 
the thiocresol was emulsified by shaking with water to which a 
few drops of 0.1 N sodium hydroxide and a very little vaseline 
had been added. This resulted in an emulsion sufficiently per- 
manent to permit administration to animals. Later both the thio- 
cresol and thiophenol were dissolved in olive oil and administered 
in this form. 


TABLE I. 


Rabbit G. Male. Weight 1.9 kilos. Daily diet: 150 cc. of milk, 
10 gm. of sucrose, and 5 gm. of hay. 


ured Inor- | Conj a rs Total 
ota ganic | gate rganic Brae 
Day. sulfur. | sulfate | sulfate | sulfur. pes Remarks. 
sulfur. | sulfur. eon: 
gm. gm. gm. gm. gm. 


1  |0.0272/0.0150|0.0077\0.0045) 0.538 

2 |0.0282)0.0124/0.0092/0.0066) 0.548 

3 |0.0218/0.0112/0.0073)/0 .0033) 0.537 

4  |0.0190|0.0071/0.0082/0.0037| 0.534 

0.235 gm.thiophenol per os. (S = 
0.068 gm.) Albumin negative. 
Hemoglobin negative. Pig- 
ment negative. 


5 |0.0310|0 .0056/0 .0109/0 0145; 0.629 
6 — |0.0243/0.0029|0 .0128|0.0086} 0.503 
0.01 


0 
0155 0.0015)0 .0087 0.0053) 0.593 


Thiophenol. Thiophenol proved to be toxic when administered 
to rabbits either orally or subcutaneously. As far as it is possible 
to judge from the elimination of ‘“‘extra’’ sulfur in the urine, ab- 
sorption did not occur readily either from the intestine or from the 
tissue into which injection was made. The maximum recovery of 
“extra” sulfur was noted with Rabbit Y (Table II) in which on the 
day following the subcutaneous injection of a small amount of 
thiophenol, approximately 20 per cent of the sulfur injected was 
eliminated as ‘‘extra’’ organic sulfur in the urine. In other experi- 
ments (Tables I to III), oral administration resulted in slight 
increases in the urinary organic sulfur, increases clearly above the 
normal fluctuations for this component. No increase in the sul- 


Rabbit Y. Male. 
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TABLE Il. 


Weight 2.8 kilos. 


10 gm. of sucrose, and 10 gm. of hay. 


Daily diet: 150 cc. of milk, 


‘ Inor- See 5 oa 
siopal fizanios| ato |Ortinl0y alto Remar. 
sulfur. | sulfur. 
gm. gm. gm. gm. gm. 
0.04890 .0251)0.0075/0.0163] 0.960 
0.0529/0 .0265)/0 .0085/0.0179) 0.965 
0.0553/0.0294/0.0084/0.0175| 0.880 
(0.180 gm.thiophenol peros. (S= 
0.0593/0 .0213/0 .0097|0 .0283) 0.950 { 0.052 gm.) Albumin negative. 
[ Hemoglobin negative. 
0.0437/0.0119/0.0116/0.0202; 0.818 
0 .0409/0.0170\0.0084'0.0155| 0.800 
0.187 gm. thiophenol subcutane- 
0.0563\0.017710.0094'0.0292| 0.870\/ CUS!Y. (S = 0.054¢m.) Albu- 
min negative. Hemoglobin 
negative. Pigment negative. 
VES UB DMR OM AROS 0.855 
TABLE III. 


Rabbit U. Male. Weight 2.9 kilos. Daily diet: 150 cc. of milk, 10 gm. 
of sucrose, and 10 gm. of hay. 


Day. 


noe 


Total 
sulfur. 


gm. 
0.0628 
0.0646 
0.0635 
0.0596 


0.0687 
0.0667 


0.0798 


Conju- 

gated |Organic 
sulfate | sulfur. 
sulfur. 


Inor- 
ganic 
sulfate 
sulfur. 


gm. 
0.0375)/0.0078 
0 .0390)0 .0070 
0.03540 .0095 


gm. gm. 


0.0175 
0.0186 
0.0186 


0.0284/0 .0101/0 0211 


0.0205 
0.0189 


0.0415|0.0067 
0.0386|0 .0092 


0.0468 0.01400 .0190 


Total 
nitro- 


gm. 


1.048 
Sa 
1.035 
0.988 


1.160 
1.090 


1.272 


0.0667 0.0203 0.0132 
0.06410 .02120.0115 


0.0332 
0.0314 


1.000 
1.300 


Remarks. 


0.034 gm.) Albumin negative. 


a gm.thiophenol peros. (S = 
[ Pigment negative. 


ously. (S = 0.038 gm.) Albu- 
min negative. 
tive. 


0.130 gm. thiophenol subcutane- 
Pigment nega- 
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fate sulfur of the urine was noted with the possible exception of one 
experiment (Table III) in which a small quantity of thiophenol 
was injected. A previous oral administration of thiophenol to this 
animal had failed to increase the elimination of any of the various 
forms of urinary sulfur determined. The increase in the sulfate 
sulfur was very slight and was probably within the normal range, 
specially when it is noted that the total nitrogen was also in- 
creased. The increased sulfate sulfur which might be expected to 
be associated with this increase in nitrogen would account for 
practically all the increase in sulfate sulfur observed. No album- 
inuria or hemoglobinuria was observed even in those experiments 
in which lethal doses of thiophenol were administered. 


TABLE IV. 


Rabbit A. Male. Weight 1.9 kilos. Daily diet: 150 cc. of milk, 
10 gm. of sucrose, and 5 gm. of hay. 


; Inor- Gonits s Total 
Tota ganic | gate rganic : 
Day. | sulfur. | sulfate | sulfate | sulfur. omer Remarks. 
sulfur. | sulfur. gen. 
gm. gm. gm. gm. gm. 


1 0 .0328)0 .0233/0 .0023/0.0072| 0.484 

2 |0.0328)0.0233/0.0023/0 .0072| 0.484 

3 = |0.0305)0 .0234/0 .0015/0.0056} 0.592. 

0.27 gm. thiocresol peros. (S = 
4 |0.0450/0.0219\0 .0045'0.0186) 0.573), 0.070 gm.) Albumin negative. 
Hemoglobin negative. 

5 0.0306/0.0165\0.0029'0.0112) 0.488 

6 |0.02200.0126/0.0006)0.0088| 0.507 


Thiocresol—In Tables IV to VI are recorded the results of 
typical experiments in which p-thiocresol was fed or injected. 
Thiocresol produced marked toxic effects, accompanied by a 
severe albuminuria in some cases. Spectroscopic examination of 
the urine in a few experiments revealed the presence of oxyhemo- 
globin. Although there was a marked individual variation in the 
reaction to thiocresol, in most cases in which albuminuria resulted, 


1 In the tables a few typical experiments only are reported. In all cases, 
these results were checked with other animals. In order to condense the 
data these additional experiments are omitted. They are, however, 
recorded in the original thesis on file in the Library of the University of 
Illinois. 
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a dark red pigment (not a blood pigment derivative as shown by 
spectroscopic examination) appeared in the urine. The presence 
of this unknown pigment in the urine corresponded roughly to the 
toxic effect of the thiocresol, but seemed to bear no relation to the 


TABLE V. 
Rabbit M. Male. Weight 2.3 kilos. Daily diet: 150 cc. of milk and 
10 gm. of sucrose. 


mt Inor- See . Total 

ota ganic | gate rganic| -. 

Day. | sulfur. | sulfate | sulfate sulfur, | 2!tro- vemos 
sulfur. | sulfur. 


1 = |0.0288/0.0126|0.0052/0.0110| 0.773 
2 |0.0284/0.0159/0.0043/0.0082| 0.822 
3  |0.0198)0.0084/0.0044/0.0070} 0.748 
4 |0.0286|0.0136/0.0056|0.0094| 0.777 
0.3 gm. thiocresol per os. (S = 
5 |0.0489/0 .0132'0 .0052,0.0305| 0.802), 0.078 gm.) Strong albumin. 
| Strong pigment. 
6 |0.0190/0.0037\0.0092'0.0061| 0.4071 No food taken. 
7  |0.0147/0.0036/0.0067\0.0044) 0.287, “ <“ “Rabbit very weak. 


| TABLE VI. 
Rabbit E. Male. Weight2.1 kilos. Daily diet: 150 cc. of milk, 10 gm, 
of sucrose, and 5 gm. of hay. : 


et Inor- pone . Total 
ota ganic | gate rganic ety 
Day sulfur. | sulfate | sulfate | sulfur. ee Remarks 
sulfur. | sulfur. & 
gm gm gm. gm gm.” 


1 |0.0253)/0.0125)/0.0049|0.0079) 0.583 

2 |0.0244/0.0114/0.0051/0.0079| 0.539 

3 |0.0327|0.0205|0.0057/0.0065} 0.630 

0.355 gm. thiocresol subcutane- 
ously. (S = 0.092 gm.) Albu- 
min negative. Hemoglobin 
negative. Slight pigment. 


4 |0.0253/0.0114/0.0038,0.0101; 0.653 


5  |0.0354/0.0102/0.0055/0.0197| 0.780 
6 |0.0253/0.0089/0 .0062/0.0102} 0.786 


hemoglobin since it was present when no test for hemoglobin could 
be obtained. Attempts to isolate this pigment will be discussed 
later. There was no evidence of any oxidation of the sulfur of the 
thiocresol in any of the experiments. The “extra’’ sulfur recovered 
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in the organic sulfur fraction in no case corresponded to more than 
a very small fraction of that administered, but was clearly above 
the normal variation in every instance. 

This failure to recover more than a small amount of the sulfur 
of the compounds from the urine was apparently due to failure 
of absorption. After oral administration, the ether extract of the 
feces gave the orange precipitate with lead acetate which is char- 
acteristic of thiocresol. After subcutaneous injection, a hard 
lump was frequently formed at the site of injection. At autopsy 
the thiocresol appeared to have crystallized in the tissues at the 
site of the injection and its presence in ether extracts of such 
tissues was determined by the lead acetate reaction. 

An attempt was made to isolate the urinary pigment which 
was present after administration of thiocresol. The pigment could 
be extracted from the urine by ether or chloroform. On evapora- 
tion of these extracts, a bright, purple-red material remained. 
When the urines which contained this pigment were examined 
spectroscopically no absorption bands could be observed. It was, 
therefore, not a hemoglobin derivative. The extracted pigment was 
tested for sulfur by the usual sodium fusion method with negative 
results. Inasmuch as the amounts obtainable from the urine were 
so small, no further study of the pigment was made. 

It seemed possible that if the mercapto groups of the com- 
pounds studied were not oxidized or split from the ring, the organ- 
ism might protect itself against the toxic thiophenol nucleus by 
conjugation with sulfuric acid; as is the case with phenol (2). 
This would give rise to an increase in the conjugated sulfate sulfur 
of the urine and would result in the presence of conjugated thio- 
sulfates of the type CsHs:S-SOQ2.-OH. No evidence that the 
organism availed itself of any such mode of detoxication could be 
obtained. 


SUMMARY. 


1. After the administration of p-thiocresol and thiophenol to 
rabbits, there was no evidence that the sulfur of the mercapto 
groups was oxidized to sulfate sulfur. Despite the insolubility 
of these thiophenols, evidence of partial absorption was obtained 
from an increase in the organic sulfur fraction of the urine. This 
failure of oxidation of the sulfur of mereapto groups attached to the 


ary 
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benzene ring was in marked contrast to the behavior of mercapto 
groups in aliphatic compounds in which oxidation of the sulfur 
readily occurred (1). 

2. Thiophenol and thiocresol are toxic. After the adminis- 
tration of thiocresol, a red pigment containing no sulfur and prob- 
ably not a hemoglobin derivative (no absorption spectrum) 
appeared in the urine. 
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